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262a Monday, March 7, 2011central cavity. Here we provide new tests of the mechanism of block by paxil-
line. We show that block by paxilline is inhibited in an approximately compet-
itive fashion by simultaneous application of the bulky pore blocker, bbTBA.
Furthermore, we show that a pore lining cysteine is protected from being mod-
ified by cytosolically applied MTSET once the channel is blocked by paxilline.
We also show that block is not strictly Ca2þ-dependent, but strongly linked to
channel open probability during paxilline application. By examining paxilline
blockade at different open probabilities defined by either transmembrane poten-
tial, Ca2þ, or chemical modifications, we show that paxilline only blocks closed
BK channels, with essentially no ability to block the BK channel once it is
open. We conclude that structural conformation of the BK channel necessary
for block of closed channels by paxilline are disrupted by mutation of G311.
The opening of the BK channel, which abolishes paxilline block, may produce
an S6 conformation similar to that induced by mutation of G311.
This work was supported by NIH grant GM-66215.
1432-Pos Board B342
Regulation of Intercellular Regulation of Signaling via Gap Junction
Yanyi Chen, Yubin Zhou, Hing-Cheung Wong, Xianming Lin, Qin Xu,
Xue Wang, Jie Jiang, Charles F. Louis, Richard Veenstra, Jenny J. Yang.
Gap junction, allowing the intercellular transmission of molecules through its
specialized cell membrane channels, plays a major role in intercellular calcium
signaling between adjacent cells. Connexin 43, 44 and 50 (Cx43, Cx44 and
Cx50) are members of the a family of gap junction proteins expressed in heart
and the lens of the eye where are essential for normal heart and lens develop-
ment. We have identified calmodulin (CaM) binding sites in Cx43, Cx44 and
Cx50. Biophysical results indicate that in the presence of calcium, synthesized
Cx peptide fragments encompassing predicted CaM binding regions are able to
bind with high affinity to CaM using NMR spectroscopy and fluorescence
method with dansylated CaM. In addition, electrophysiological studies demon-
strate that elevated intracellular Ca2þ concentration inhibits Cx50 gap junc-
tions with the 95% decline in junctional conductance (gj). Inclusion of either
CaM inhibitor or the designed CaM binding Cx peptide is able to prevent
this calcium-dependent inhibition of Cx50 gap junctions. Further, we have pre-
dicted several calcium binding pockets using our developed MUG algorithm.
We have further revealed the site-specific calcium binding capability of the pre-
dicted calcium binding site in gap junctions by grafting approach. Our results
elucidate the molecular mechanism of regulation of gap junction by both cal-
cium and calcium dependent CaM actions and provide insight into molecular
basis of human diseases.
1433-Pos Board B343
Use of a Gain-Of-Function BK Channel to Suppress Neural Excitability
Jenna R. Montgomery, Andrea L. Meredith.
BK channels have a uniquely large single channel conductance and are acti-
vated in physiological settings by coincident membrane depolarization and
rise in intracellular Ca2þ (Ca2þi). Increasing K
þ conductances, in many in-
stances, reduces neuronal activity. In this study we used a ‘gain-of-function’
BK channel as a tool to suppress neural excitability. We created a BK channel
construct with an Arginine (R) to Glutamine (Q) point mutation in the S4 volt-
age sensor. Previous studies in Xenopus oocytes with symmetrical Kþ solutions
showed that R207Q results in a significant negative shift in the channel’s
voltage-dependence of activation through reduced coupling between Ca2þ
binding and channel opening (Diaz et al, 1998). To address how this mutation
would affect excitability in mammalian cells under physiological conditions,
we recorded from inside-out patches excised from HEK293T cells at various
[Ca2þ]i. Wild-type (WT) BK and R207Q cDNAs were expressed separately
and together to form homo- and putative heterotetramers. Currents from
R207Q alone and WT/R207Q co-expression both display strong gain-of-
function properties in HEK cells under physiological conditions. The V0.5s
for WT, WT/R207Q and R207Q currents with nominal [Ca2þ]i were 113.5
53.5, 67.0 55.2 and 24.3 53.3 mV, respectively. In addition, currents re-
corded from R207Q- and WT/R207Q-expressing HEK cells with nominal
[Ca2þ]i activated faster than WT currents with 5 mM [Ca
2þ]i, at þ80 mV
(Tau activation=1.650.2, 2.150.2 and 5.852.6 ms, respectively). Overall,
WT/R207Q currents in the absence of Ca2þi were similar to WT currents with
50 mM Ca2þi. When an R207Q transgene was expressed in mouse hypotha-
lamic neurons with endogenous BK channels present, action potential fre-
quency was suppressed (WT: 33.353.2 versus R207Q: 65.557.3 Hz). This
work demonstrates that cells expressing R207Q channels have hyperactive
BK currents, resulting in suppression of neural activity under physiological
conditions.1434-Pos Board B344
Deficiency in the Functional Activity of BK Channels Leads to Systemic,
But Not Pulmonary, Hypertension
Yun-Min Zheng, Lindsay Larsen, Qiang Tang, Jun-Hua Xiao,
Chung-Fang Niu, Yong-Xiao Wang.
Big-conductance, Ca2þ-activated Kþ (BK) channels are important for the con-
trol of vascular tone in systemic arteries (SAs). Pulmonary arteries (PAs) are
very different in many aspects from SAs. Thus, this study was designed to de-
termine whether BK channels may show functional differences in these two
distinct circulation systems. Our data reveal that deficiency in BK channels
by targeted gene deletion of the channel b1 subunits leads to the significantly
elevated systemic, but not pulmonary, blood pressure. Using patch clamp re-
cordings, we have found that the activity of whole-cell and single BK channels
are significantly higher in systemic (cerebral) artery smooth muscle cells
(SASMCs) than in PASMCs. Similarly, the voltage and Ca2þ sensitivity of
BK channels are higher in SASMCs than in PASMCs. Real-time RT-PCR
and Western blotting experiments revealed that BK channel a subunit
mRNA and protein expression were comparable in CASMCs and PASMCs;
b1 subunit protein, but not its mRNA, expression is higher in SASMCs than
in PASMCs. Pharmacological inhibition of BK channels diminished
norepinephrine-induced increase in [Ca2þ]i in SASMCs, but not in PASMCs.
In summary, these findings provide the first evidence that the activity of BK
channels is higher in systemic (cerebral) than in pulmonary artery SMCs.
This heterogeneity is primarily determined by the differential functions and
molecular expression of b1 subunits. Moreover, pharmacological and genetic
data further verify the importance of heterogeneous functions of b1 subunits
in the regulation of cellular responses and blood pressure in systemic and pul-
monary circulation systems.
1435-Pos Board B345
Rab5- and Dynamin-Dependent Endocytosis of KCa2.3
Yajuan Gao, Daniel C. Devor.
We recently demonstrated that plasma membrane localized KCa2.3 is rapidly
recycled back to the cell surface in a Rab35/EPI64C and RME-1-dependent
manner following endocytosis. Herein, we report our initial studies designed
to elucidate the mechanism by which KCa2.3 is retrieved from the plasma
membrane. Using our recently described biotin ligase acceptor peptide-
tagged KCa2.3 construct, we demonstrate that overexpression of a dominant
active Rab5 (Q79L) results in the rapid colocalization of endocytosed
KCa2.3 with the Rab5-induced vacuoles. As expected if Rab5 is required
for the endocytosis of KCa2.3, overexpression of a dominant negative Rab5
(N133I) resulted in an approximately 2-fold accumulation of plasma mem-
brane channel, as assessed by biotinylation. Co-immunoprecipitation con-
firmed a close association between Rab5 and KCa2.3. As the Rab5-
dependent endocytic pathway can be either dynamin dependent or indepen-
dent we determined whether dynamin was required for the endocytosis of
KCa2.3. Overexpression of K44A dynamin resulted in an increase in
steady-state plasma membrane KCa2.3, relative to WT dynamin, consistent
with an inhibition of endocytosis. In addition, co-IP confirmed a close associ-
ation between KCa2.3 and dynamin. In total, our results suggest that the en-
docytosis of KCa2.3 is dependent upon Rab5 and dynamin.
1436-Pos Board B346
Dynamic Ubiquitination/Deubiquitination Regulates Plasma Membrane
KCa3.1 Endocytosis and Targeting to the Lysosomes
Corina M. Balut, Christian M. Loch, Daniel C. Devor.
We recently demonstrated that plasma membrane KCa3.1 is rapidly endocy-
tosed and targeted for lysosomal degradation via the ESCRT family of proteins.
In this study, we assess the role of ubiquitination in this process. Using a biotin-
ligase acceptor peptide tagged KCa3.1, which allows rapid biotinylation and
streptavidin labeling of the channel at the cell surface, in conjunction with tan-
dem ubiquitin-binding entities (TUBEs), which enable isolation of ubiquiti-
nated proteins, we demonstrate that KCa3.1 is heavily poly-ubiquitinated
following endocytosis. Further, by inhibiting channel endocytosis using hyper-
tonic sucrose, we demonstrate that KCa3.1 undergoes ubiquitination at the
plasma membrane. The role of ubiquitination in channel endocytosis was con-
firmed by treating the cells with the ubiquitin-activating enzyme (E1) inhibitor
UBEI-41, which dramatically reduced channel ubiquitination and inhibited its
internalization, as assessed by both confocal microscopy and pull-down assays.
To determine if KCa3.1 undergoes deubiquitination before delivery to the ly-
sosomes, we used the general deubiquitinating enzyme inhibitor PR619. This
induced a dramatic delay in channel degradation and an increased level of chan-
nel ubiquitination. Using the DUB-CHIP, a protein microarray impregnated
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DUB involved in deubiquitination of the endocytosed KCa3.1. This result
was confirmed in HEK cells, by measuring membrane KCa3.1 ubiquitination
and degradation rate in the presence of the wild type or catalytically inactive
mutant of Usp8. Thus, overexpression of wild type Usp8 accelerates channel
deubiquitination, while the mutant Usp8 strongly enhanced accumulation of
ubiquitinated KCa3.1. Interestingly, in both cases the rate of channel degrada-
tion was delayed. In conclusion, we demonstrate that poly-ubiquitination me-
diates the targeting of membrane KCa3.1 to the lysosomes and also that
Usp8 regulates the rate of KCa3.1 degradation by deubiquitinating KCa3.1 be-
fore delivery to lysosomes.Anion Channels
1437-Pos Board B347
Binding of GlyH-101 in the Pore of the CFTR Chloride Channel
Yohei Norimatsu, Anthony Ivetac, Nicolette O’Donnell, John Kirkham,
Leah Frye, Mark Brewer, Mark Sansom, David C. Dawson.
GlyH-101 is a small molecule (MW: 493) that carries a single negative charge
(pKa: 5.5) under physiological conditions (~ pH 7.4) and blocks the cystic fi-
brosis transmembrane conductance regulator (CFTR) chloride channel by en-
tering from the extracellular side and binding to a site or sites within the pore
(Muanprasat et al., J. Gen. Physiol. 124: 125-137). However, the precise bind-
ing sites for this molecule have yet to be identified. We used virtual ligand
docking software, ‘‘Glide’’ (Schrodinger Inc.) to identify potential GlyH-101
binding sites within molecular models of CFTR derived by means of molecu-
lar dynamics simulation from a homology model based on Sav 1866 (Alexan-
der et al., Biochemistry 48: 10078-10088). These sites were evaluated by
determining the extent of occlusion of reactive cysteines by the blocker.
The results suggest that the binding of GlyH-101 near a narrow portion of
the pore could reduce the reactivity of T338C with [Au(CN)2]
- and MTSES-
by a repulsive charge-charge interaction. We tested the efficacy and potency
of GlyH-101 for CFTR mutant channels and discovered a single amino acid
substitution that significantly increases the potency of GlyH-101. Supported
by NIH, Cystic Fibrosis Foundation, American Lung Association, the Well-
come Trust, and the BBSRC.1438-Pos Board B348
A hidden Intermediate State for Priming ATP-Hydrolysis During Open
Conformation in CFTR Channels
Yoshiro Sohma, Ying-Chun Yu, Masato Yasui, Tzyh-Chang Hwang.
Cystic Fibrosis Transmembrane conductance Regulator (CFTR) anion channel,
a member of ABC transporter superfamily, gates following ATP-dependent
conformational changes of the nucleotide binding domains (NBD).
Reflecting the hundreds of milliseconds duration of the channel open state cor-
responding to the dimerization of two NBDs, macroscopic WT-CFTR currents
usually showed a fast, single exponential relaxation upon removal of cytoplas-
mic ATP. Mutations of tyrosine1219, a residue critical for ATP binding in sec-
ond NBD (NBD2), induced a significant slow phase in the current relaxation,
suggesting that weakening ATP binding affinity at NBD2 increases the proba-
bility of the stable open state. The slow phase was effectively diminished by
a higher affinity ATP analogue.
These data suggest that a stable binding of ATP to NBD2 is required for normal
CFTR gating cycle and the instability of ATP binding frequently halts the gat-
ing cycle in the open state presumably through a failure of ATP hydrolysis at
NBD2. In addition, two distinct components of the current relaxation suggests
the existence of a hidden intermediate state in which success or failure of ATP-
hydrolysis is destined during open conformation.
1439-Pos Board B349
Energetic Coupling at the Nucleotide-Binding Domain/Transmembrane
Domain Interface of CFTR
Daniella R. Muallem, Sabine Kobayter, Arun Kelay, La´szlo´ Csana´dy,
Paola Vergani.
CFTR belongs to the superfamily of ABC transporters, which generally couple
vectorial transport of diverse compounds across membranes to hydrolytic cy-
cles at conserved nucleotide-binding domains (NBDs). CFTR, alone, functions
as an ion channel. As in other ABC proteins, ATP binds on the surface of the
two NBDs, which then can form a head-to-tail NBD dimer, with two composite
catalytic sites at the interface (site 1 and site 2). ATP hydrolysis at site 2 triggers
dimer dissociation. The conformational signals generated by NBD dimer for-
mation and dissociation are transmitted to the transmembrane domains(TMDs) where they result in opening and closing, respectively, of the ion-
permeation pathway.
To investigate the coupling mechanism linking the NBDs to the channel
gates, we selected target sites for mutagenesis by analysing multiple se-
quence alignments. Two pairs of sites gave high correlation scores and
mapped close (on homology models) at the domain-swapped interface link-
ing active composite site 2 to intracellular loop 4: E543-E1046 and P499-
T1057. The formalism of double mutant cycles was applied to test for in-
teraction between coevolving side chains. Single mutations E543A and
E1046A altered opening rate and burst duration, but the changes were ad-
ditive, suggesting there is no change in energetic coupling between these
target sites during hydrolytic gating. However, for mutations at P499 and
T1057, changes in opening rates in hydrolytic background and open prob-
ability in non-hydrolytic (K1250R) background were less than additive,
consistent with P499 and T1057 moving closer during channel opening
(forming a contact in the transition state for opening which is maintained
in the open state). The results are consistent with homology modelling stud-
ies suggesting that channel opening may be preceded by a sliding move-
ment of the NBDs coupled to a twisting of the TMDs (Cell Mol Life
Sci 66:3469-3486).1440-Pos Board B350
Electrostatic Basis of Anion Over Cation Selectivity in the CFTR Chloride
Channel
Oliver Beckstein, Yohei Norimatsu, Christopher Alexander,
David C. Dawson, Mark S. Sansom.
The cystic fibrosis transmembrane conductance regulator (CFTR) is an
ATP-gated, anion-selective channel that is the product of the gene mutated
in the inherited disease, cystic fibrosis. Chloride conductance via CFTR is
a key component of the salt and water secretory system that maintains mu-
cus hydration in the airway lumen. CFTR belongs to the large family of
ABC transporter proteins, but it is the only member known to function
as an ion channel. The channel is highly selective for anions over cations,
but the structural basis for the observed charge selectivity is unknown. In-
dividual point mutations generally do not seem to strongly affect charge
selectivity, suggesting the possibility of a mechanism that is not highly de-
pendent on local structural specialization such as that seen in the K-chan-
nel selectivity filter. We used a recent structural model of CFTR, based on
the crystal structure of the Sav1866 ABC transporter and experimentally
validated by cysteine scanning [1], to begin a computational investigation
of the structural basis of the selectivity of the CFTR channel for anions
over cations. Poisson-Boltzmann calculations suggest that an excess of ba-
sic residues in the transmembrane domain creates a large, anion-stabilizing
region that includes the channel pore and extends towards the extracellular
vestibule. The results indicate that electrostatic interactions affecting
a large volume of the protein are a major contributor to anion over
cation selectivity of the CFTR channel, similar to the situation observed
in OprP [2].
[1] C Alexander et al. Biochemistry 48 (2009) 10078-10088.
[2] P Pongprayoon et al PNAS 106 (2009), 21614-21618.1441-Pos Board B351
Studies on Correlated Pairs at the NBD-NBD and NBD-TMD Interfaces in
CFTR
Andras Szollosi, Daniella R. Muallem, Paola Vergani, La´szlo´ Csana´dy.
CFTR is an ATP-binding cassette (ABC)-protein, which contains two Nucle-
otide Binding Domains (NBDs) and two Transmembrane Domains (TMDs),
but is unique among these proteins in that ATP binding, formation of a tight
NBD-dimer (sandwiching two ATPs at two composite sites) and hydrolysis
of one nucleotide drives opening/closure of a transmembrane chloride chan-
nel pore. We investigated interactions between residues at the NBD1-NBD2
interface of the catalytically inactive site 1, and the NBD-TMD boundary.
Target pairs suggested by coevolution analysis were tested experimentally us-
ing mutant cycles. At the NBD1-NBD2 interface we studied pairs T460
(NBD1 Walker A)-H1348 (NBD2 signature sequence), and T460-H1375
(NBD2 D-loop). Mutation T460S decreased burst duration (tb) and open
probability (Po), mutation H1348A markedly prolonged tb and increased
Po. Mutation H1375A lengthened tb while slightly reducing Po. But mutant
cycles built on tb, maximal opening rates, as well as Po and closing rates
in non-hydrolytic (K1250R) background have so far not revealed significant
changes in coupling between either positions 460-1348 or positions 460-1375
during various steps of the gating cycle. Hence we conclude that site 1 does
